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suMMARY

Convectiveheat-transfercoefficientshavebeenevaluatedfromskti
temperaturesmeasuredalongthebaiyofa researchmcibil.designated
NACARM-10. Thegeneral.shapeofthebodyisa parabolaofrevolution
of-finenessratio12.2.

Heat-transferdataarepresentedfora Wch numberrangeof1.0
to 3.6andfora Reynoldsnumberrangeof6 x 106to 150x 106basedon
axialdistancefromthenosetothepointatwhichthetemperaturemeas-
urementsweremade.

Theheat-transferdatasrepresentedastheNusseltnuuiberdivided
by thecuberootofthePrtitlnmber,ewress~ asa ~ctfon of
Reynoldsnmber. Thedatafromfourfkighttestssxeinagreementwith
theequationforturbulentheat-transfermeasurementswhichwasderived
frompreviousflighttestsoftwoRM-10models.

Theheattrsmsferisalsocorrelatedwitha compressible-flowtheory
forturbulentheattransferwhichusestheboundsz’y-lsyerthicknessas
thelengthpsmmeterh theNusseltandReynoldsnumbers.Thedatawere
alsoinagreaentwiththistheory.

me measuredrecoveryfactorswerelowerthanthosepredictedby
theoryforturbulentboundarylayer.-

me relationshipofheattransferto skinfrictionwasinvestigated
by compsxingtheheattransferofthepresenttivestigationwiththe
measuredskin-frictionresultsobtainedfromadditionalflight”tests
ofthismodel.
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INTRODUCTION

Thetheoryofaerodynamicheatingfora
supersonicspeedsisasyetin.itsformative

NACARM L543J5

c

turbulentboundarylayerat ‘
sta~e.A needexistsfor

experimentalmeasurementsunderfull-scale,free:flightconditionstoaid
inthedevelopmentoftheoryaswellasprovidedesigndataforsupersonic
a@ilanesandguidedmissiles.Mostexperimentalheat-transferinvesti-
gationshavebeendoneinwindtunnelsutilizingsteady-stateconditions
andlowstagnationtemperatures(forexsmple,refs.1 and2);however,
someexperimentalworkhasbeendoneinfreeflightfortransientcondition
along a trajectory(forexample,refs.3 and4). IW@t testspro~de
high adiabaticwalltemperature(orlargeforcingfunction);thismakes
theco,yrectionsforradiationandconductionalongthebodysmallcompared
withthelargeheatflowfromtheboundarytotheskin. me restitspre-
sentedhereinaresn extensionofthedatashowninreference4 forhigher
MachnumbersanddifferentReynoldsnumber.

b orderto obtainheat-transfercoefficientsathigh~ch numbers,
mea~urementsof skintemperatureshavebeenmadeinflighttestsconducted -
by theNationalAdvisoryComitteeforAeronauticsona psrabolicbody
ofrevolutionoffinenessratio12.2. Themodel,ImownastheNACARM-10,
wasrocketpoweredandfinstabilized.ThetestsweremadeatthePilotless,
MrcraftResearchStationatWallopsIsland,Va.

Thel@chnumberramgecoveredinthesetestswasapproxtitely1.0to
3.6. The Reynoldsnumberrangebasedonfree-streamconditionsanddis-
tance along the ads ofthemodelfromthenosetothe
wasapproximately6 x 106to1X x 106. Heat-transfer
forflighttestsfromfourmodels.

A

M

v

he

t

‘b

surfacearea,

Wch number

SYMEwS

4
Sq ft

velocity,ft/sec

localaerodynamicheat-transfer
13tu/(see)(sqft)(OF)

coefficient,

measurementstation ‘
dataarepresented

time,seconds

specificheat

fromstartofflight

ofairat constantpressure,=$S

----- ,

— —.——c—.



u

NACARM L%IL3
—-- -—. .. . .

P

k

T

v

Cw

z

Y~

T

Nu

CH

R

R

RF

F

5

R5

R~

Cf

x

Y

q

‘2
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thermalconductivi~ofair,I@ (see)(sqft)(°F/ft)

wallthickness,ft
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Btl@l

specificheatofwallmaterial,~

distancefrm thenosealongtheaxisof the body,ft

densi_@ofwallmaterial,lb/cuft

temperature,‘R

Nusseltnumber,dimensionless,h#k

Stantonmmiber,dtiensionless,h@v

Prandtlnumber,dimensionless,Y/k

Reynoldsnuuiber,

recoveryfactor

dimensionlesss,pvz/~

dimensionlessparsmeter(ref.12)

boundary-layerthiclmess,ft

Reynoldsnwnber,dimensionless,pvv#/~

I?usselt

average

number,dimensionless,/heb1+

sti-frictioncoefficient

axial.distsmcealongmodelfrommsximum-diameterstation,h.

radiusofmodel,in.

.?missivi@ofpolishedmagnesium,
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Gr ellliSSiVityOfOXidiZedahzminumj0.18 .

a Stefm-Boltnnannconstant,0.483X 10-U Btu/(see)(sqft)(%)4 ~~

e flight-pathangle,deg

Subscripts:

o undisturbedfreestreamaheadofmodel

v outsidetheboundarylayer

s isentropicsta~tion

aw adiabaticwall

w conditionofmaterialpertainingtotheskb ofthetest
vehicle

r conditionofmaterialpertainingtothewalloftherocket
motor

i ticompressible

TESTVEHICLES

ThegeneralconfigurationoftheRM-10testvehicleisshownin
figure1. Thebodyisbasicallya parabolaofrevolutionhavinga maxi-
mumdiamet=of12 inchesanda finenessratioof15;however,thestern
wascutoffat81.3percentoffulllengthtoa~ow forthetital.lation
oftherocketmotor.Thisresultedinanactualfinenessratioof 12.2.
Fouruntiperdstabilizingfinswereeqyallyspacedaroundtheafterbcdy.
Theyweresweptback600witha totalaspectratioof2.04andhada
10-percent-thickcirculsr-srccrosssectionnormaltotheleadingedge.
Thedesi~waschosentoattaina highdegreeof stabili~whichinsured
testingnearzeroangleofattack.

TheRM-10testvehiclewasdesignedforheat-transferinvestigation.
Thiswasaccmnplishedbyminimizingtheinternalstructurebymaintaining
sea-levelpressurewithinthemodelduringtheflight.Figure2 shows
theinternslconstructionofthemodels.ThemodelswereaU.metaland
utilizedspunma~esium-alloyskins.Thethiclmessoftheskinforeach
stationatwhichtemperaturemeasurementsweremadeisshownintableI.
Thesurfaceroughnessofthemodelswaslessthan60microinchesfrom
peaktovalleyasmeasuredby a l&ushsurfaceanalyzerwitha stylusof

a
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0.0005-inchradius.Thecaseoftherocketmotorinthemodelhasa
temperatureriseofapproximately50°F; esthatesweremadeanditwas
foundthatthisrisewasnotsufficientto affecttheaccuracyofthe
temperat~emeasurements.Figure3 isa photographofthemodeland
boosterconfigurationonthelauncher.Themodelispropelledbya two-
stagepropulsionsystem,theboosterformingtheftiststageandthe
rocketmotorwithinthemodelformingthesecondstage.

13wm~TIoN

Skin-temperaturemeasurementsweremadebymeansofresistance-type
thermometerscementedtotheinnersurfaceoftheskin.~ese thermometers
weremadeoffineplatinumwire0.0002inchh diameter.Reference5
givesa compyetedescriptionanddevelopmentofthetemperaturepickup.

“ThetrajectoryofthemodelswasmeasuredwithanNACAmodified
SCR% radartheodol.iteandtheflightvelocityby a CWDoppl= radar
se%asdescribedinreference6. Measurementsoftheatmosphereatthe
timeofthetestsweremadewitha staudsrdradiosondewhoseQtitude
wasmeasuredwiththeSCRX radartheodolite.A longitudinalacceler-
ometerwithinthemodelwasemployedto etiendthevelocitymeasurements
beyondtherangeoftheDopplerradsr.Data
fromtheresistancetemperaturepickupwere
receivingstationduringthewholeflight.

METEODANDTESTS

fromtheaccelerometerand
telemetmedto a wound

me modelwasboostedto a lkchnmber ofapproximately1.5by a
boosterconsistingoftwo6.25-inchABLDeaconrocketmotorswhichsepa-
ratedfromthemodelafterburnout.A periodofcoastingfollowed,after -
whichthe6.25-inchDeaconrocketmotorcsrriedinternallyinthemodel
ignitedandpropelledthemodelto a l.kchnumberofapproxhately3.6.
As a resultofthissta@ngarrangement,highermch ntiers~ tiose
presentedinreference4 wereobtained.me Deaconmotors=e describ~
inreference7.

Thetransientconditionsofthetestvehicleswereparticularly
suitedforobtainhgaerodynamicheatingandheat-tiansferdatabecause
ofthelargeheatflowtothebodycomparalwithotherheatlossessuch
asradiationandconductionalongthebody. Theskintemperatureswere
continuouslyrecordedby theresistance-typepickupw telemetersto
a groundreceivingstationdurm theflight.IYomthesedatasadfrom
radiosondeobservations,radartracking,andthethermdymdc properties
oftheairandthesldn,theheat-tramsfercoefficientswerecslculated~

.——. . . . .. . . . .. -—— -— ——. . e—- . ..-. — —.—-—. —— —--
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The vsriationofReynoldsnumberperfootwith
onfree-stresmconditions,isshowninfigure4 for
andD.

Heat-tiansferdatafortransientconditions
suchaswereencounteredduringtheflighttests
determinedbymakingthefollowingheatbalance:

at
of

NACARM L54L15

Machnmiber,based *
modelsA, B,C,

highWch nabers
thesevehiclesis

Thefirsttermistheheatconvectedfromtheboundsrylayerto
theskin.Theradiationfromthemodeltotheaiznosphereisgivenby
thesecondterm. Thethtidtermistheheatradiatedfromtheinternal
surfaceofthemodeltotherocketmotorby themethodofreference8.
Theheatabsorbedby theskinistheright-handsideoftheequation.
The.sokr heattransferwasomittedbecausefortheworstconditionit
hadlessthm 2 percenteffectontheheat-transfercoefficient.The

.

thermodynamicpropertiesoftheairobtainedfromreference9 were
employedb reducingthedataandsreshowninfigure5. Thespecific
heatofmagnesiumshowninfigure6 wasobixdnedfromreference10.
Everyterminequation(1)isknownexcepttheadiabaticwalltemper-
atureTaw and”theheat-transfercoefficient~. Inordertoobtain
awjitisfirstnecesssryto determhetherecoveryfactor.T

Therecoveryfactorisdefinedastheratioof stagnationriseto
thetemgkraturejustoutsidetheboundarylayerattainedby an insulated
wall.As thestagnationtemperatureoutsidetheboundarylayeris con-
stantthroughouttheflow,therecoveryfactormaybe writtenas

T
RF = Taw

s --:
(2)

Ifradiationandconductionwereabsentatthepeakoftheskin
temperature,noheatwouldbe tm.nsfmed~d theS~ t~erat~e ad
adiabaticwalltemperaturewouldcoincide.Forthesetests,conduction
alongtheskinwasfoundtobe negligiblebutradiationhada maxtium
effectof2 percentontherecoveryfactor.Toaccountforthis,equa-
tion(1)wassolvedfor Taw- ~ by assminga valuefortheheat-

transf=coefficientforthetimeofpeaktemperature.

~ assumingthatthemeasuredrecoveryfactorwasconst~tthrough-
outtheflight,theadiabaticwalltemperaturewascalculatedforany

-r-!?3’zE-.—
—

“



.

NACARM L54L15 ~~

timethroughouttheflightby resolvingequation(2),where

7

T (=RFT -aw s

Thestaticandstagnationtemperatures

Theheat-transfercoefficientis
equation(1),where

)Tv i-Tv

areknownthroughouttheflight.

thencalculatedby resoltig

he (4)

andallothertermssxeas explainedpreviously.

RESULTSANDDISCUSSION

RecoveryFactor
.

Figure7 presentsthevariationof sldntemperaturewiththe for
a typicaltemperaturemeasurementstation.Theskintemperaturestarts
to increaseduringtheboosttigperiodandreachesa firstmaximumof
approximately150°F duringthefirstcoastingpericd.At 13 seconds,
thesustainerrocketmotorisignited-andthrustsforapprox~tely
3.5seconds,duringwhichtimetheskintemperat~estartstoriserap-
idly.A secondpeaktemperatureoccursatapproMmatel.y22.5seconds,
followedby a gradualdecreaseinskintemperaturewithttie.At these
pesksof skintemperature,theeffectsof surfaceconductionwerecalcul-
ated sndfoundtobe negligible.Themeasuredsldntemperatureatthe
peakcorrectdforradiationisthenequaltotheadiabaticwalltemper-
ature,and,sticethestaticandstagnationtemperaturessrelnmwn,the
recoveryfactorscanbe calculated.

Measurdrecoveryfactorsareshowninfigure8 plottedagainst
longitudinaldistancefromthenose.ResultsformodelsA, B, C,andD
srecomparedwiththetheoriesforImtLnArd turbulentflows,expressed

1/2S@ mwl/3,respectively,basedonwalltauperature.as fiw These
theoretical.linesrepresentanavaagevalueofFrandtlnmber forwall

“

●

temperaturesbetween-6000R andwO-R. Ifthetheoretical
factorwerepresentedforeachstationorwalltemperate,

..—

recovery
thetheoretical

. ..— ...—— -—— _ —.— — —— — --- ——
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recoveryfactorwouldvaryapproximately1 percentfromtheaverageline .
showninfigure8. RecoveryfactorsarepresentedformodelsA, B,C,
andD. Despitethisapparentindicationofthepresenceoflaminarflow
ona recovery-factorbasis,theheat-transferdata,aswillbe shown
later,comparedfavorablywiththeresultsforturbulentheattransfer
presentedinreference4. ~ addition,theReynoldsnumbersforthese
stationswereofa magnitudethatwouldindicatethatturbulentflow
waspresent.As showninfigure7,thestagnationtemperatureusedin
calculatingtherecoveiyfactorvariedrapidlywithtime. 5erefore,

.theselectionoftheexacttimesatwhichtheskin-teiuperaturepeaks
occurredinfluencedthemagnitudeofthestagnationtemperatureusedin
theequationforrecoveryfactor.Theabsenceof sharplydefinedpeaks
b thecurveforvariationof skintemperaturewiththe forsomeofthe
mcdelscontributedsubstantiallytothescatterofthepointsshownin
figure8.

Heat!lkansf=

Althoughthemeasuredrecoveryfactorscannotbe acceptedasbeing
the-valuescharacteristicofturbulentflow,theeffectof smallvari- .
ationsofrecoveryfactorontheheat-transfercoefficientwassmELUfor
mostofthedatapresented.Thiscanbe seenfromfigure7, sincethe
heat-tiansferpotentialwed incalculatingthecoefficientwasthedif-
ferenceintemperature,betweenthewalland.theadiabaticwaU. A small
changeinrecoveryfactorwouldcausea smallchangeintheadiabatic
walltemperature,andsincethebulkofthedatapresentedisforthe
the whenthetemperaturepotentialisgreat(i.e.,whenvaluesof
Tav - ~ arelarge),W’e effectofanyvariationinrecoveryfactoron
theheat-transfercoefficientwouldbe small.Theflightdatapertinent
totheheat-tiansfermeasurementsispresentedintableIIforallmodels.

CorrelationI

ModelA.-Aerodynamicheat-transferdataobtatiedduringtheflight
testofmodelA ispresentedinfigure9(a). Elheheat-transferdatafor
thesixstationssrecorrelatedona dimensionlessbasisoftheNusselt
nmber dividedby thecuberootofthePrandtlnumber,expressedas a
functionofReynoldsnuuiber.Theairpropertiessrebasedonlocalflow
conditionsjustoutsidetheboundarylayer.Correlationofpreciously
publish~heat-transferdata(ref.k) frominvestigationsconductedon
theRM-10istidicatedby thedashedlineshowninfigure9. Despite
thescatterapparentinthedata,a newfatiingofthedatapointsfor
allmodelstested(solidline)doesnotcliffermarkedlyfromtheold.
At highReynoldsnumbers,the~ch numberisalsohighandmostofthe
datapointsarelowerthanthecorrelation,whichindicatesa possible
reductioninheattransferduetoMachnmber. Itwasimpossiblefor .

.

———— —.— ————



-==$’-.’nn~.- .-.. -— 9

.

.

‘!

.

thesetestconditionsto isolateanyofthevsriablesaffectingthe
heattransfer-suchasI&chnmber,Reynoldsnunber,andtheheating
condition~/~.

ModelsB,C, andD.-ForclsrilzY,
figure9(b);howevm,thefairedcurve
models.Heattransferwasmeasuredat

modelsB, C,andD sxeshownin
forthedataisthatfora12four
stations85 and117formodelB,

andthevaluessrecorrelatedinthefigureonthesamedtiensio~ess
basisaswasusedformodelA. Thedatasreinagreementwiththefaired
linefromthisinvestigation.As theReynoldsnuniberdecreasedduring
thedeceleratingflight,thedatacrossestheline,sothatatthelower
Reyuoldsnumberforeachstationtheheattransferwashigherthanthe
line.As withmodelA, thelinecanbe usedtopredictskintemperatures
duringtheflighttestwithgoodaccuracy.

Theheattransferforthe122-inchstationonmodelC ispresented
tifigure9(b).Datapointsarepresentedforbothcoastingportions
oftheflight(flaggedsymbolsareforfirstcoast).me resultstidi-
catea reductionintheheattransferofapproxhately16percentbelow
thefatiedbe duringthesecondcoastingperiod,whereasthefirst-
coastresultssrea~roxtitely10percenthigherthanthefairedline.

Station18onmodelD yieldedheat-transferdataduringtheftist
coastingportionof itsflighttestwhichwasapproximately12percent
higherthanthefairedline.Duringthesecondcoast,thedatacorrelated
wellwiththeline. It isofinteresttonotethat’thedatatakenatthe
sameReynoldsnumberdifferfortheftistandsecondcoastingperiods
by approximately20percentforbothmodelsC ti D. Thiss~ests a
Machnumbereffect,astheMch nuniberformodelC forwhichdataare
presentedvariedfrom1.43to1.14forthefirstcoastand3.18to 2.8
forthesecondcoast.l?ormodelD the~ch numbervariedfrom1.46to
1.o4duringthefirstcoastandfrom3.4to2.36forthesecondcoast.
Theratioof ~/~ forbothmodelsisapproximately1.2forthefirst
coastd 1.8forthesecondcoast.Forthisvariationof ~/~ the,
theoryofreferenceXlpredictsonlya smallchangeinheat-transfer
coefficient;however,thechangecorrespondingtoa Machnumberchange
from1.2to3.0accordingtothistheoryisapproximately16percent,
whichisinaccordwiththeexperimentalresults.Despitesomepossible
effectsofpressuregradient,itisfeltthatthesignificsmtchange
betweenthedataforthefirstandsecondcoastsisduetolhchnumber.
A comparisonoftheskintemperaturecalculatedfromthefairedline
withthemeasuredskintanperatwefora typicalflighttestis shown
tifigure10. Thecmparisotiismadefortheflightconditionsof station
125ofmodelA. Themeasuredheattransf=forthisstationhadapprox-
imatelya 10percentdetitionfromthefairedline,whichisshownto
yielda maximumtemperatureclifferenceofapproximately30°F. Within
theMachnumberandReynoldsnmnberrangeoftheflighttests,therefore,

.-— ..-. .—— —— —... .— — — —-—- —-— ——
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thefairedlinewouldbe sufficientlyaccuratefordeterminingtheskin
temperature.It isfeltthatbecausethesetestssrefora higherMach

.

nuniberthanthoseofreference4, andhencefora greaterl.kchnumber
effect,thefairedlineofthedataforthisinvestigationwouldgive .
moreaccurateheat-transfercoefficientsovertheMachnumberrangecov-
eredby thesetests.

CorrelationII

A theoryforcorrelatingtheheattransferina compressibleflow
waspresentedinreferenceM?whichexpressedtheheattransferas a
functionofNusseltnumber,Reynoldsnumber,Machnmber,andsurface
temperature.me Wch numberandtemperatureeffectswereincorporated
ina factorF,whichenablesthetheoreticalheattransferfroma tur-
bulentboundarylayerhavinga l/7-powerveloci~profiletobe expressed
by theequation

FxN~ = o.0225R#”~

The lengbhtermusedh theNusseltandReynoldsnuniberswastheboundsry- -
layerthictiess.FigureU presentstheheat-transferdataformodelsA,
B, andC onthisbasis.ModelsB andC whichwere,respectively,models
5 and3 ofthetestsreportedb reference13,hada boundsry-layertotal- ‘
pressurerakelocatedat stations117and122,respectively,whichyielded
measuredvaluesofboundary-layerthickness.Theboundszy-layerthiclmess
forstation125onmodelA wasobtainedfroma flighttestofa similsr
modelhavingthessmetrajectory.me boundary-layerthicknessforsta-
tions50,68,85,lCOjandlJ_OonmodelA wasdeterminedby using
reference14to obtaintievariationofmomentumthicknesswith-al.
distance,andrelatingthemomentumthiclmessto theboundary-layer
thicknessaccordingtoreference15. Thedataforallmodelsarein
agreementwiththetheoreticalline.Becaumsofthegreatamountof
workinvolvedh obtainlagtheboundary-lsyerthictiess,thecomparison
withthetheoryismadeonlyforthesecondcoastingperiod.

~ bothmethodsofcorrelatingtheheattransfer,averagescatter
isoftheorderof10percent,Mcating no distinctadvantagein either
correlationmethod.However,incalculatingsurfacetemperatures,the
methodoffigure9 isdecidedlyeasi=thanthatoffigureU becauseof
thenecessi~ofdeterminhgtheboundsry-lsyerthiclmessinthelatter
method.

.

.— —. —.. ..—
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ReynoldsAnalogy

Theinterrelationshipbetweenskinfrictionandheattransfer,as
expressedby themcilifiedReynoldsanalogyofreference16,cambe shown .
by theequationCH = 0.6cFforsurfacessubjectedto flowshavinga
Prandtl.nmber ofapproximately0.72. Thisequationwasessentially \
constantovertheMachnumberrangefrom M = O to M = 5. In con-
junctionwiththeheat-trsmsferprogram,skin-frictionmeasurementshave
beenmadeon sixRM-10bcxiieshavingapproximatelythessmetrajectory -
as theheat-transfermodels(ref.13). me skin-frictionmeasurm’ents
wereaveragevaluesmeasuredbymeansofa boundary-layertotal-pressure
rakeinsta12edatthe125-inchstation_.Consequently,an expertiental
comparisonofthemeasuredaverageskinfrictionW theave?%geheat
transfercouldbemadeby utilizingthemodifiedReynoldssmalogystated
aboveto obtainaverageskin-frictioncoefficients.ModelA ofthe
currentinvestigationhada sufficientlongitudinaldistributionof
localheat-transfercoefficientto enabletheinte~ationofthelocal
heat-transfercoefficientoverthebodysurfacesrea,therebyobtaining
anaveragevalue.TheaverageSW frictionwasthencalculatedby the
mcdifiedReynoldsanalogy.Theresultssreshowninfigure12as
Cffcfi,theratioofthe -calculatedaveragefrictiondataofmodelA

to theincompressibleaverageskin-frictioncoefficientsgiveninrefer-
ence17. Thesolidlinesrepresenttheresultsoftheskin-friction
investigationreportedinreference13,witheachlinecorrespondT&g
toa particulartemperatureconditionas expressedby theratio ~ w

- TV

av - %“
Developmentofthisheatingparsmet=isdiscussedinreference18. The

T - Tw
valueofthetemperaturepsmmeter awT - Tv formodelA,basedon

aw
flowconditionsatthestationcorrespondingtotheaveragesurfacesrea
ofthemodel,variedfrom0.72to -0.25.Theheat-transferdatapoints
areseentopossessthesametrendwithheatingconditionasthatestab-
lishedby thesolidlines,ad ingeneralsreingoodagreementwiththe
resultsfromtheskin-frictioninvesti~tion.Thisagreementindicates
thatthetheoreticalrelationshipoftheReynoldsanalogyaspresented
h reference16 is inaccordancewiththeexperimentalresults.

CONCLUDllTGREMARKS

Experimental-heat-transfercoefficientshavebeenmeasuredfrom
flighttestsoffourpsrabolicbodiesofrevolution(NACARM-1O).The
Wch numberscoveredby thetestswerefrom1.0to3.6andtheReynolds
m.miberswere6 x 106to 150x 106,basedonaxialdistancefromthenose
tothestationswheretheskintemperaturewasmeasured.

. ... . . .— —.-—-— .—. — --- — ..-— — -—— .-— —-—
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me resultsindicatethatalthoughthemeasuredrecoveryfactors
.

werelowerthanthetheoreticalturbulentrecoveryfactor,thefaired
curveofthemeasuredheattransferagreedwithin’12percentwiththe
previouslydeterminedturbulentheat-transfermeasurementsmadeontwo

/

RM-10models.‘lhese.@ata,whencorrelatedbyuseofa Nusselt,Prandtl,
andReynoldsnuuiberrelation,agreedwitha fatiedltiewitha mean
scatterofappro~tely 10percent.Theeffectofthisscatteronthe
skintemperaturewasshownby a ccmrparisonofthemeasuredandcalculated
skintemperaturestoyieldanagreementwithin30°F atpeaktemperate.

Itwasindicatedthatthedifferencebetweentheheat-transferdata
takenatapproximatelythesameReynoldsnmberbutatclifferentMach
numberswasdueprimwilytotheeffectofMachnmber ontheheat
transfer,ratherthantotheheatingcondition.

Theheat-transferdatawerealsocorrelatedwitha theoryby Donaldson
forheattransferina compressibleflowwhichutilizedtheboundary-
layerth.ictiessasthecharacteristiclengthintheReynoldsnunberand
Nusseltnuuiber(NACARM L~2H~). Themeasuredheattrsmsferhada mean
scaikerofapproximately10percentfromthetheory. .

5e relationofheattiansferto skinfrictionwasexperimentally
foundtoa~ee withthetheoreticalrelationshipestablishedbyRtiesin
(NACATN2917),whichstatedthattheStantonnuniberwasequalto 0.6
oftheskin-frictioncoefficient.

.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

~ey Field,Va.,December13,1%4.
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